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(54) OFDM MODULATOR AND OFDM DEMODULATOR 

(57)Abstract: 

PURPOSE: To reduce multi-path disturbance without insertion of a 
guard interval in the OFDM modulation system. 
CONSTITUTION: A mapping section 1 forms complex data from 
transmission data. The complex data are distributed into two series and 
allocated to each of even nombered orthogonal carrier and odd number- 



th orthogonal carrier and given to an even numbered carrier IFFT 
section 3 and an odd numbered carrier IFFT section 4, in which the data 
are subjected to inverse high speed Fourier transformation in the unit of 
OFDM symbol and converted into complex data on time base. The 
complex data on time base with an even numbered carrier subjected to 
digital modulation are formed into a waveform in which a first half 
waveform for an OFDM symbol period is excluded and the same 
waveform as the last half waveform is interpolated to the first half 
waveform in the demodulator. The complex data on time base of an odd 
numbered carrier subjected to digital modulation are formed into a 
waveform in which a first half waveform for an OFDM symbol period is 
excluded and the same waveform as the last half wave form is inverted 




and interpolated to the first half waveform in the demodulator. |36C f J .QSC ?j| 



LEGAL STATUS 

[Date of request for examination] 29.02.2000 

[Date of sending the examiner's decision of rejection] 

[Kind of final disposal of application other than the examiner's 

decision of rejection or application converted registration] 

[Date of final disposal for application] 

[Patent number] 3186464 

[Date of registration] 1 1 .05.2001 

[Number of appeal against examiner's decision of rejection] 

[Date of requesting appeal against examiner's decision of 
rejection] 

[Date of extinction of right] 



Copyright (C); 1998,2000 Japan Patent Office 




(19) B^BftfTtf (JP) (12) & H *|3p |^ ^ $g (A) (ll)ftfttHH&W## 

#^¥8 -97798 



(43)&IBB ¥^8^(1996) 4^ 12 B 



(51) IntCl. 8 




F I 




HO 4 J 11/00 


z 






H0 4L 27/34 










9297-5K 


H04L 


27/ 00 E 








*H3R IfjfcBflDSU OL (£12 H) 


(21)iHH#*t 


ftH¥6-229126 


(71)ffl|gA 


000004167 








B*3DAtT7)t!|cJE:^ 


(22)iflKB 


¥#6^(1994) 9 £26B 




3fCf(«8§fc5fcg4TS14#14^ 








«* JSSE 








#S5iHJaill(WJll**KliBr5#l# B* 














(74)ftSA 


#a± s# (* i«) 



(54) [3291©£ift;3 OFDM&BJggXtfOFDM«BI8g 



(57) [Rtf] 

ictijos-csn, -en-en, mm** utjb i fft 

g&3. «JMMr*iJ7fl! I FFTgB4{rA*an, OF 
(2. OFDM->>#;U»8rafC*3{j-5t9iJ£0&^^g^L 

«*o«*tiBii;i!!i»sflft¥K:«iiBiufc«jg»cans. 





MMlFffl!#©ttH] 

tf-f -^^;u*w*nfco f DMsew*s:t*tt*o f 

L. Kft**JSfl»#B©ia£*+U7£***l©iS 
32*^ 'J 7KWB STS0iM5iJ3e«^at. KKM^ 

m^mz «t o f§&# b ©it£*- u 7 ictd o a x 

©ffl?ilx-:*&^£tti#T£01!&#*^ U 7fflj£D F T 

fcraaas ±t«r»c#** u Tffl^D f T&aas.*:. sfrta 

©BSSEMB&tft- * - 1 Z¥fWL£TZ> O F D M^ili 
Tr-f 5>*;i/3fcH£nfcO FDM^il^jSlC&ttSO F 

u 7©jfi£«iim^££^n^nifi£«irr 
ots^nsr-f y^;wE«snfc«s»*t U7©w 

fSftttWlfiflfx-^SrO F DMy>^Ot'C>i 0 ml¥ 
U7ffl©FFT$!tSg&i:, iWf5ifi32ttIli2§©ffi 

7 ©psiw m±.<DW.m^—5' £ o f d m -> >#;p© 
9(iw©R»s#i*L«#©*»£n3 &»»**■©«& 

©tssRx-* icsear »«f u 7«© f f t®m 
at. Bfi?B2ocDFFT^aaBJ:of#e)n^2owM^j 

ftffl &&$lli±©*fiiSix : -:5' m3*J£tt?«J^©Jl&§fc«i± 

*5u^*a-r zmMM&m^- m& m-r % z. 
iffi&m 3] **©is£** u 7j&*»*7 f -***'jK 

Tr-f v^;U^^nfcOFDM^ii^{C*5tt2.0F 

u «&**j£«j*#a©ifi5*** , J7£«fSc#B©ie 

£** , J7lC«0 3T*ll[afe5iJSaft^&£. ttiftttPJg 
«I^IS:}c J; <9 fflftS B cDit^ * y 7 fcSd o ax <=> n£ 

fecttf. af»#BonBs;*'VU7JcaoaT6n 
fcataicttu ^n^n>£D f T»a*fTfc^i$Kitt± 

©^x-^&JEJ£trj*jT5ffigC**^ U 7ffli£D FT 
MSgP*3J:t>*^|gc#+^'J7fflj£DFTMSgi5t. MSB 

•tn-fnoissD FTfflawom^KTSs 1 ©ne&gc©*- 

* U7£it3^l)IT5 2 0©iglia5^I8§§<t:, i20 

©is i atsssc»i»ofta*KT* 2 ©Ha*©** u 7 

SOFDM&iSlSg. 



#[$¥8-97798 

[W*a4] «&©*£** u 7jWfi*x-^*5"jtc 

Tf^ 3?^;U«WSnfcO FDMX»CErSCK*5*t*0 F 
DMVMi:«^T. gffi^*JB2 0H»ft«D*+iJ 
7fcTS^m-*fc»©S2©B2aaH3Si:. igff?2 

mm^tm&m** u 7©EB*«H«^i*-*n-£ftj6 

1 ©Jl&3&©3r^ U 7KTlS3S(SWr* 2 ocom 1 ©it 
ttJBl©it3SS!Mi»©-^lcJ:oT»6n 
<&5** y^«asnfcffltS+t U 7©B$P B '3iiIl±©« 
^x-^ £0 F DM-»^©4 , '^«fc D *&¥©*»£# 

TfflOFF TMaat. flftgBJg 2 ©*£»i®S§©ft!};S{;: 
«t?T»6n4r-f i^JI^MSttfc^fSHMr*- U 7© 
Wr IBM* ±©«*5*-^ *OFDM-> >#;P® «fc 0 Aft 

i»8a2 0©FFTffl3fflU;0»Sn*2-3©afc5iJfc 
^?Smtt±©1S^5 :r -^IS?iJ^ia5iJ^©Jl&©:W±© 

[f8W©Pi9l^itt^] 
[0 0 0 1] 

[**±©*iJffl«-iF] *B"^M»©lKMf*U7S* 
*T-?tT-f 5?^;idt«-rsOFDMait»SCt*tt 
S> OFDM^ii§gRa:OFDM«ii3§{:HTSt>©T 

[0 0 0 2] 

[fie*©a«] jM«-r^^x-^^it^c©^?ijtc»Sij 
l, ftmzntcm*(DT-2Jkm\z&K>mk<D\M&** 

(Orthogonal Frequency D 
ivision Multiplexing, UAT, 

roFDMj t^o. ) 3&*»6nTti*. z\a>&mtt 

tt, *B»©ffl»»^^^ r-JI/7?***»6«»»CfiJffla** 

±fe*5tii j f>x^ s?^jnwM*a«^©wffljWM*snT 

[0 0 0 3] S7I1 fi£*©OFDM^iii§^lttHj-r^ 
UJBJia-e^-l). H*. 8 0«V-y tf>^gR, 8 1(lfl 
?iJ^^a. 8 2liIFFm 83 MaMOTJESMB, 8 
4, 8 5ttD/A^«ISB, 8 6, 8 7«LPFgB. 8 
8,89 ti*^g|5. 9 0 «S!Jga, 9 1 te&lSgB. 9 2 
«»PSCgf5-ed?>-5. <H*©iBSf J ¥-v u T&&m-rz>fzt(><D 

©«£*0iJ«. H8l:«ffl*«T^*QPSK1>l 6QA 




(3) 



4 iSPJl&ffittlZttiLTTTaif&mtt&m^ZZ. 
[0 0 0 4] ill<s^-^«V-7tf>^8 OtCA^S 

(q) x-^irt^teS^^-^^/SSn-S. CI® 
tgiifx-^te. 1IC*^T. OFDM5 

£ (£CF« roFDM->>#;ki ) fc^#i£n 

s„ of dm-> ytffr&mfii-r ?>^i$f-^ti nifc 
a»jfisai7-uxsEiji«T** i fftsbs 

2(CA2j£*1&. I FFTg&8 2{J, fll* CDiS£* ^ U 

nT»5tt*»»5*-*©piffi&#<Dtt» obit, ri 
tv»5. ) kmxa&nw* car. tq«^j 

«hlr>5. ) J*t»tiOTJb?>. I FFTSR8 2*^ttS 

cooo5] i Q«4»tt. *-n^*n, D/A*« 
SB8 4, 8 5ic«to. 7±a#mmz&&2n, u-n 

X7*J1^T?*SLPF»8 6, 8 7$^LT, Sl^gB 
8 8, 8 9fcA*Sft.5. I »^g|58 8 

fC*i»T»««9 0©tH*i:*J¥Sft, Qfl«©«M 
tt. JRJHK8 9fc*vvr£ffi«9 lfcJ:DBiB«9 0© 

m*?**- 9 os^ta^nfcfcotss^ns. 

tlfzmMt, *Pg[gP9 2tC*5liT*P@Sn, OFDMtd 

HftSWIf. ^ra^&Sc^cDjgiStfc f i ©*^ u 

[0 0 0 6] 0 7»C^$n5OFDM&!Hgg©B&f£©— 
#J£. QPSK£ffl^Tit35*-HJ7£xV S^WMB 

[0 0 0 7] 0 8tt, QPSK^i@^iC©^>^JUV«v 
4 4H -»#;KOSI2©ffittWi. 4 

«Wtt=lrir U T©{iffi<hit3£t-5ftffl©ifi£$lil£S:b 
T. QPSKSffitifci^OS*^*. «~F. QP 
SK->>#;UQ k tH5. 7ylf>^f8 0KH3lr»T 

0©^>#;U©j^£«frTQPSK->>*;UQ k tftffi 




-3~Z> (S k , S k+1 ) icE^n, S k A«QPSK-» 
#;l/Q k ©IsifflfS (i) ©J&KfcStJSU S k+ , *tQP 
SK-»#;UQ k (Dffl&b (q) * 
©*g«, aiffix-* (0, 0) . (0, 1) , (1, 

o) . ci.i) ic^tiSLT. ^n-t'n. -»#jKDgi 

101^4 3. fg2©jffifil&4 4, I3fflTO4 
5, «4®JSg,^4 6S:«t)-rQPSK->>#;PQ k tf* 

m^ns,, QPSK->>#;uQ k «, ^T*t>$n 

Q k =(l/v^2) [ (1 -2 S k ) + (1-2 
S k +1 > 3 

•€-UT, 2 0 0©->UT;Pfj:QPSK->>#;i'Q k = 
(Qo . Qi . Q2 • * • * . Q199 > fiM^J^ 

g&8 1 l:ioT2 0 0©M3aj&QPSK->>#;k 

Qo > Qi > Q2 > ■ • Q199 K*»a*x, it?© 

OFDM-»#;i/tft5. 
[0 0 0 8] I FFTgB8 2CD^'a-yi7« > j£DFT. 

tt&^ufi* 1 f ft, -rt£t>*>. mmmy-vx. 

SE»3WSEfflSn*. U 7«^©$c£2 0 0 <hT 

5tt. ^0fiEU:T2C!)'<t*tS:S2 5 6©ffiS# 

2 5 6#-f >h*2 0 0#-f>H3QPSK 

5QPSKi/>^;wioi:u ^nic^T^ia^^ 

[0 0 0 9] R9«, ^<BlSX**y7<0W*»tt± 
©EWeByjUT-SKlWHT**. H*. 10 4«^© 
KX** U7«^, 1 0 B 1 0 

^PbIPS. 1 0 7 U 7«#fc»«TSQ P SK-> 

s<)V*%rtr. Tstt, OFDM->>^;i/©MfiPflBS, T 
&fc*,OFDM->>#;UJl$T&£. It^irUTflr^ 
1 0 4tt. <*>bmmki 0 SSr^itT-?-©^!::^ 
nRR 1 /T s (OAftRMNS 1 0 6T-1 0 0/Tsi>6 
10 0/TsSfStSnW5. d©^J-C«, It3g^ 
t l J7fltl04O»*t2 0 0T»0. *HBIf*lrU7 
fll*l 0 4fC»l6lx-at*5*— ^-C**QPSK-»# 
;i^Q k 10 7(1 Q0a>£Q 1 9 9£Ta<fiJ9STStt 
T«r»S. #jE3?*^ U7*«QP SKx>/J?;UQ k 107 

(2. s inx/xlO*-7"t6t), RttBS! 

[0010] aiott. W&V>13- IM >^-/N*;u^ift 
Bj-r-suiHJiiiT*^. la*. 1 0 8ii iowofdm 
-> >#;uq k tw^-r 1 0 9 «^-> 

^mibi. 1 1 0 \tmws>-#)\,mrmim. mtw 




&2 0 %COgP^ 1 1 0<h|SIi;t>CD^. y5-I^LT 

w^-»#;uwr B i 1 0 9 \z9tft-?z>fi- k< >*-amu 
1 1 iicjfA$n-&cfc5tc^i'j^a^ns„ z. 

WB#^fiJ^a« t I F F T 8 2 T©fflaSbOafeS[5>J3E* 

§158 3T'fttf.t>ftz>. fcm.mz&tfz>-? )i?-rt7.mm\z 
«t 0 . Q\m\zmnx3\%k?z>m^&z\<Di3- bv\-> h* 
-r >?-;vi>mm 1 1 ncaHe-r-si^fc^-K'f 
-/wimbeu ant*. a»E-ra«fc5»c. £©#-k 

•f >*-/1JWJim 1 1 1 *»<#&->>7|?JM«imi 0 9 

[0011] Blltt. ft3tE©OFDMtMMg£K9!T 
^>iKBJia-cab-5«, El*. 1 2 0 tiJgffffi. l 2 l teiH» 
SC. 1 2 2 «3£tgg&. 1 2 3 fct^ffigB, 124BLPF 
SP. 1 2 5«A/D^&gB. 1 2 6 ttftMaiX&ffi. 1 
2 7teLPFg&, 1 2 8 teA/D^glgB. 12 9IJFF 
TgC, 1 3 012&1&?!I£&& 1 3 1 ttigVy tf>^gP 
OFDM©SfI^(l iH#g|Sl 2 O&itfUl 
ISSB1 2 ltCA^J^n. *l£g&l 2 0 IC*5V>T»«» 1 

2 2(Dmt>tm»zn. mw^i 2 lc^nTiMifi 

2 3 fc«fc!5««aM>tttfja«- 9 0£&1f£n*: *>©<!: §H 
1^5. Stffg&l 2 0©ifc?3«, D-/U7-fWC 
*SLPF«1 2 4£A/D3Hftffl5l 2 5£^U It 
^tLTaa65U**»l 2 6»CA±/2ft-5. IHI?g|$ 1 2 
l©ffi;>Jte. LPFg&l 2 7<hA/D^&gBl 2 8<£^ 
U Qff^tLTittM^J^gBl 2 6KA7j£n-5. it 
afcaKSMBl 2 6©HJ#tt. FFTgBl 2 9KA7J;* 

«a7-ux«»*i(sahTMitt5«j*iftasi 3 otc 

A*j£*"U jft5U«^i:ft-3TiS!vy tf>^gBl 3 1 KA 
*^n§ffif-?«?.n^, FFT351 2 9©^n-y 

d ft, -r&fc^. T-r ^^ju^-ux^^-r 
^^©Tsntij;^^. iis, fft. tts.t>^>. 

[0 0 12] EI11 fC^£*l-5tfofe©OFDM$l3§g© 

isifts. a««^tt*nc«i 20, 121 

t. nttiKf 1 fcTKss«iianiaw»a:oww»U:o 

**ffiM»K:fl«;in3. cnsttLPF»i 2 4. 12 

7*5=fctfA/D^&g(5l 2 5, 1 2 8*^U ftlHMU: 
FTfflagBl 2 9lC:fct>T. 2 5 6#-f>f-OFFTM 

a*«jfi*n«»»«i±©«[*'r-^^as»sn, ofd 

M^>Jp;Utft*. ufflOFDM-»*JHi rafflW 

(i) (q) y-^t^S&SM*^- 

*T&3QPSK->>#;UQ k ©a^tfc*. -t©|R, 
OFDMi/^CiO^- H-f AVU 1 l©gfcfr 
^i«lt. S0©2 5 >h£FFT$Ra-f£. 
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OFDM-»^;^«t5«If-^Q 0 . Q, , • 
• " • Ql99 ^ Mtt^tfcSB 1 3 0 lZ$5^Tm.PW : & 
©tt^X-^K^&^tU tf>^l 3 lfC&H 

[0 0 13] L*>U #— Kf A\>H 1 1#}?A£ 
w^&OFDM->>#;u#pn 0 9*iR#ra$ft 

miHjjWEa**). «**©*uffl»**«fiTFr*. m 

[0 0 14] 

[^BJA^*L«k3<»:-r^g|^] ±j£L7cfli 
i»fc«*TJttSnfc%>OT. ttSc©tt3E** U 7#«** 

^-fxmzx^i i>^)^m^nrzo f dm^ibtjjS; 

[0 0 15] 

SHCT7V3?4ui4Mi3ttfcOFDMjEM^K:&i? 

<&OFDM«8M8lC*S»f»T, «*x-**3»H£2 
Oifi3iS*rU7KtdDST*iSM5!l«»#ai:, REM 

2 -3©iSS3e»i»*w-r s c t *#m<fr^ t>©T?s 

[0 0 16] §»*JS2tCl2«©^(c*3^T«. *g&© 
fcOFDMja£BW*SC»r*3WSOFDMtKH»»C*t»T, 

mmt, mm.^iS.mm<D-^\z^xmn^^ ^ 

JHEWSftfcffiRS** 'J T©P#raflll±©1t^x-^* 
OFDM-»#A0^«tOi¥OSf*iib^ffl 

Tsaagei:, HfrfBit^ffi^8§©ft!i75{Ccfc^Tf#e.n^x 

-?50FDMy >#;i/©4"^«fc 0 flft^oaSJKSSW* L 

ffl&m®agB©m^ <&ii&gci[ii±©^^7 ; -^ dear 




[0017] mxmsizmma&wiz&^Tiz. ta&© 

fcO F DM^f^jUcfetf^O F DM^H8§ICi5l>T. 
*25^-*^J£2^JK#8eU K&$$U&flft#S 
©B^+i- U 7<tf?l!c#g©iS£*^ i) TldfiJO 315 
Bl^ltifgi, KfiM^&^gkKcfcDiPl&SB© 

T5ffil&#^ U TffliMD F TMggW5<£tfl!fi!c#*-V 
UTffliS6DFT®SgPt, Hftie^n^tlWiSeDFTfiaS 

awDtaaKT* i e>m$LWL<»*\ u 7*iasacwr-B 2 

*KT«2©«tS»©+rU7*KS3EWrs5B2iaS! 
^Pg§£ffi*ifcc:££!|#&<it--5fc©T<&-5. 
[0 0 18] »*«4fcC«©58WK*V»Ttt. *g&© 

fcO F DMSe«^SC»C*»t* O F DMttW§fc:feV»T, 

sftm^*^2 o««»«d^-v u7KTi*sai[irrafc 

«>©Sl2 0Dl3!j(|[»Hit. a»2©B£«WBK:J:oT 

7©fi3faw«*t *-€-n*n* 1 ©H9&&©*r u 7 

CTd&ttftt" -5 2 0©|g 1 ©tt£«pg§<i:, K£ 1 © 
fcffif&#*^ U T©^W±©«^5 ; -^SrOFDM-> 

£. SWE«2<!!)iaSS«n«0D«D6F»cJ:oT»5n*7 f W 

y^^sswarnfc«F»#*-v u T©^Ra#±©it^x- 

^€OFDM>'>#Jl'©i*»^«k0m*O}ft»*»M8L» 
WRS+ArUTfflOFFTfflaWt. HfIp22C3©F FT 

lasiau: often* 2 ■o(Dmmtm\mm±.<r>mm : f- 

r ft*it5BE«*»e*r* c t *»« t-r * *>©-?* 
s. 

[0 0 19] 

[fWfl] OFDMSC«Bfc*V»Ttt. «n**lfc«*# 
S©flK**y TcfcfcHanfc^SBOita**-* U7 
£3£57.LTiMf§-f*. OFDMttWSfclfcHTtt. 
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TSJS-rs&* t ^Stl-5OFDM->>7^JU©$fefflJ:0 5 
OXOJWUlSrfttPIKffl^fctr*. S£HSnjfcffi»#Bfl!>B[ 
* 'J 7 £XM2 nfcSF K$ g ©ifiX* -v 'J 7 £ «. 

35+ V 'J 7fflS©^* J/ >^< ft*. 
[0 0 2 0] 

GHBff] RIB. #5BW©OFDMS»IS©-2I160I| 

«ifiM?iJ^&g&, 3 te<BR#** U7IIFF T». 4 
«i5fgc#*^ U7fflIFF Tg&, 5 , 6 \$.WMMW@k 
ffi. 7, 8«D/Ag&gB. 9, lOteLPFgB, 1 
1. 12tt9K)lffi. 13ttil®». 14tt»l© 
15ttft]8& 16, 17ttD/A«»». 1 
8, 19«LPFgU. 2 0, 2\\mSm^ 2 2(» 
0. 2 3, 2 4«§H»gB. 2 5«Sg2©5£ffiBB. 2 6 

IB 2 o^fflgp. 2 7 teJragg&-Tr&£. ©ifi^-v U 
7£^I®T*£:i&©T r f •^i'JUMtl/Td ffiR 
©fc©T<fc(^ d©3lig^J«, QPSK^16QAM 

[0021] vytr>^aiK:A*a 
n, 77tf>^^ni. *3R5*-^3&«»jsji*n*. c© 

MJBx— i'tt. fiU6Wa»aR2K*V»T. OFDM->> 

7— fit* OFDMffl«C5/>#;k OFDMf»-»^ 
;i/©20lC^-fiJ^nT»S2$n*o OFDMWy^ 
MS, <H^C#ja3?^V , J7©&«{CtiJ03T^n, OF 
DMf«-»*JKi ^#H3S*f 'J7©&^(cfiI0 
^T?.n*„ — «C. OFDM-»<HMM1-^ 
x-^©^ct 0 t>ifiX*f 'J 708ft©***< T5 

7»C*fLT«. »*»0*««DaT6ns. OFDMfi 
»5'>#;W4, <HfSc#*rU7ffl I FFTg)53JCA^^ 
n. OFDM«»-»#M, <Skt++iJ7fflI FF 
Tg|54{CA^$n. &=^r U7iZ«f0ST6n&«*ft 

a. •tn-enoFDMv'>7i«;^ffiT?a»j«jg7-'jx3C 

t'J7ffllFFT»3 ©m*tt, 36it?iJ^iftSB 5 tr Xtl 

sft. ia?ij»scoi*wm±©ttjii7 s — ^t?»* i 

Qffi^tft*. m«t:. af»#*+U7ffl I FFT»4 




tt±©*fi3gox-*T£>3 I ffi-^. Q«^<h&&o Mfi^iJ 

^mgi5 5©ai^T-fe«) i mmiQm^tiz. ^n^etiD 
11,1 2(cA^$n^„ lmw&mti, mn&i 1 

»Ci5t>T. jg&gtf 1 ©Sg 1 ©fgiSSIS 1 3©ffi7J<hfil3|L 
ffi»l-4lC«fc»5iSl©$SlB»l 3©ffl#**-9 Offi^ffi 

i sjc&^Tjta^n. i ' mmit&Z). 

[0 0 2 2] mm\z, Mia5ijse«w6ottj*T»si« 

^tQff#<i:«, ^tl^nD/A^^l 6, 17ICJ: 
DT±P^a^lC^^n, D-/U7-i'MLPFl 
8, 19*^LT. SIg?2 0, 2 1 (CA*$n^„ I 
{a^©?S?iJte> 311^2 OK&t^T. ffl&ftf l©fgl 
©SMlgBl 3©ffi*j£:illME£fU Q«^©^J«. Stf? 
g&2 ltCiSi^T, ^KD^ffigCl 4tC=t0mi©%Jgg6 

«»snfctti*ti »p^gp2 2 \z&^Ttimi*n. q* 

Mattes. I' fa^te. iHI?g&2 3fcA*>£n, Jife 
ftf 2<Z>g2CD%Sffi2 5©ffl*a:*ffSft. Q' ffi^f 
m^24tCA^$n, ^2CD^«g|52 6(Ccfc0ra 
i£&f 2©|g2©fggg|$2 5OW-9 0SM$n 
fct><D«i:*g[^n-&o *l£gC2 3©tti^tS#^2 4© 

-f >*-/\\Ma*?A£n&^«, 
[0023] Hitr^$nsoFDM^gggg©lftfpco— 

fflx-^^, tf>i/g|5l (CA^J^n. 2 0 0©->'J 
7MQPSK-»^Q k = (Q 0 , Q t , Q 2 , • 

• •, Q 199 ) t*»*n, *M?"J^&g&2{CcfcoT2 
0 0©»QPSK-»*k Q 0 . Qi . Q2 , 

• • •. Q199 lt3WOFDM->>^;Ufr^ 

C©E£, 10CDOFDM-»3p;HJ2 00l^ 
K$HMSn*. ICTH fflSfc#l©QPSK->>#;i/ 

QkE = ( Qo > §2 • §4 > ' ' $198 ) 
OFDMHSt-»3^Jk 3fgC§g©QPSK>'>#;i/Q 

ko= (Qi . Q3 . Q5 . • • •. Q199 ) d^ft^O 
FDM«f»-»7|?;K0 2t)C^;P->'»-»t6nS. ^5, 

tcoFDMfsg:->>#;i/«. atm-r<&2 o oo+tuj 

©ffi*fc#B©**'J7 <DC*(fc<flM£H»Sfcl/Ts 

>#;i/*. ^tso+t'JT (Dc*i»<sfinit[R 

l/TsCffikiC+t'JT) tCfiJ0^T^n-5o 
[0 0 2 4] ®2«, OFDM«»^>jp;U*««t)aT 

6n*ia«*-fr'j7oE«*ttwr*iJiwHT»*. h 
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<f. 3 0 «*fi&©=^ 'J 7fi#, 3ltt4M>H»R. 3 

2 ttffl&RffiNR. 3 3 * U 7fI^I::*tj&TS Q P 

sk->>#juq k t**. 0®co^$ft«Mjssc. mmiz 

li*iU^Jl/*«t>T. Tslt OFDM->>^;KDiHffi 
miffi. T&:b^OFDMv>#JI^J8T&-£. 
U 7<g-5f 3 0 «f»»C>Hift» 3 1 **M>£ LTtcog* 
IC«fflHi 2/Ts ©fflttftMH 3 2T-10 0/Ts*> 
?>100/Ts £TB2®£*IT<^£. £©0IJT«. fi£ 
+ tU7«^3 0Wl0 0Tfe0, ft*t'J7fi^ 

3 0JC*fJCLTQPSK->>^;UQ k 3 3fi> Q0#"=> 
Q 1 9 8 K> ST 6tl-2>. #fi£*+D7tt. fig 
*S^<hlHtfcQPSK->>#;i/Q k icto^j;** 

£<h#©J5fe®:X^ IWs inx/xf 

<Dt)-7tUQ, U 7©ffi&»,6<h©+ffflj*L 

[0 0 2 5] ^3te. O F DM^gc->>#JU*ttd 0 ST 
6*i*iaS«*^ , J7'©E«*K*-r*KWBIT*S. 0 
+, 3 4tt«ftO*tU7fit. 3 5 tt+'frWifeSc. 3 

6 (^nftRmni. 3 7 u 7I§i:»5qp 

SK-»*JK3 k TS>-5o BffiOttMttH&ftMl. &4Hl 
«©*g^;U**T. Tslt OFDM->>7p;i/©j^« 
MNR. tfib^ O F DM-»^MI8T$^. +tU7 
flf7 0li 3 5*tp^<hLT^©fc*»C± 

l/Ts*»6IBHI2/Ts©«ifeScmHI3 6T-9 9/ 
Ts^e.9 9/Ts £Tg2S£nTl^&. £©#JTte, 
+ t l J7i^3 4©WlOOT^O, §*t'J7«* 
3 4ICttJ&LTQPSK->>#;UQ k 3 711 Ql^f, 
Q 1 9 9£T-J&*fiJDST£ttT<^.5. #fiX*"HJ7 

2ftT&9, #ItX*-f UT**^* 5?^;P3BW*nfct 

tf. U 7O H J»fc«l:6l>T0 tft«. 

[0 0 2 6] fflM+t^ffl I FFTgP3©^Pyi7 

f4, IDFT, T1Zt>*,* jfi^^jp^-yxjetn* 

t**t»©T*ntf«t^*<, d©— USS^JTtt, IFF. 

'J 7ff^©^*2 0 0<b T i©fflUA±T 
2 ©^^St^cS 2 5 6 ©ffi*#* > h»fT<&iS»K^ 

7— yxarafcwisfTSft*. ^©-hss^jt«, 256 
ost, ao©jft-r >Mc*tje-r*QPSK-»#;utt 

OiU cnK»l6-r*it32*+U7 , *2IMU&^. fc 
is, |si^ffl©{Pi^:#g©QPSK->>#;i/#*SD^, d 
nfcJ; DttJSTSEX^ * 'J 7**QP S KtlbTtJ; 

[0 0 2 7] OFDMfflfc-»7j?;|/«, <BScS=^^ 'J 7 
ffl I FFT3C^T2 5 6 #* > hTaSXX7— U X 

ae«»a!sn. mmmz&rt* 2 5 6#-r > hnrnm? 




^"SiTC. W.PWj£.T~mtl2tl2>o Ttttt, OFDM 

m^»^Mz^TQ p s K«uianfcffl»*iBX* 

*U7©P*IHMtt±T?©Sl roFDM«*fl»r 
-*J £<^3. ) £. SEl&gB© I fl#. SfigcSBcDQffi^ 
»JI=ffl*Sn*. «Atf. OFDM{B&->>#JU£ti$/& 
T*QPSK->>#;UQ kE = (Q 0 , Q 2 , Q 4 , • • 
Qigg ) ©B#P^fft±(75gc^x .(t) «. ^TSt) 

x E (t) =2 k= _ioo 100 Qk+100 -exp(j2 
Kk t/Ts) 

fzfzL, k«. -100, -98, -4, -2, 2, 
4, • • • , 9 8, 1 0 0T&-5. 
[0 0 2 8] OFDMlg^ffl^-^© im^, Qim 

<D&mmt, mwffli i, i2. tmwi 5fre>tt&& 

IWC*l>T, ASftf lO*-t»«J7K«fc0lSB33EIIS 
[0 0 2 9] «#+t'J7ffl I FFTg&4 CD 

£GD-|liS0iJT«. I FFT^&ffl;**!. 2 5 6$: 
0iJT«. 2 5 6tf-f >h4" 1 0 0/JW > McOFDMfB 
SK 0£U cnKttJftT^itX^'JTS: 

[0 0 3 0] OFDM«y>*JKJ, W^#+r'J7 
ffl I FFT4(C4oliT2 5 6 #-f > hT^jS^— U X 

-^K^&^n. MK^ise jftffi 6 *c«fc o -rwr mwiii-fcicafe 
^e.nt, tt^iSTaj^n-s. Tfcfr*.. ofdm 

V 'J TOB$r B W±TCDfn (UTF. roFDM^WI^x 
-*J <h<^3. ) *»«coiffl#. stf&BBcDQfi^ 
SiJfC58£LT0>-5. Wit tt. OFDM^fgc 
fiKT2>QPSK-»7}^;i/Q k0 = (Qj , Q 3 , Q 5 , • 

• •, q 199 ) <Dmmm±o&Mx u> «, ^-es 

x 0 (t) =2 k= _ 99 99 Q k+10 o -exp (, j 2 k 
kt/Ts) 

fcfc'L. ktt, -99, -97, • •, -3, -1, 
1 , 3, • • , 9 7, 9 9T&-5. 
[0 0 3 1] OFDU^mm^-^<Dim^, Q«# 
CD&&?|J«. mW&2 0, 2 1. J!in@S)5 2 2*»6ift*Se 

M»fc&fr>T. H«»f i©+^'j7fc«toit^ia$ 
n&. r mn, q* ft^«. ssk:, $1*8*23. 2 

4, 10J¥BS2 7*»6«:S35lll«f:45t»T. f 2 CD 

[0 0 3 2] 6t±©-*Kg«K4s^»Tf4. I ' «*K 



f$Hi? 5 P8-97798 
Q' «#tt. mm&2 3, 2 4. Jn^gB2 7 

J6co-A^J»cT^«t^. 2t3©m^£ffi3£LTii{rr 
£&&LTii!{g-rs;i£#T£-5. #- >5>— AMI/ 
[0 0 3 3] fc*s. &£M«tt. Tl-aif&l&Zmmis 
J:oT^-r^«^tC«. D/A^&g&7, 8, 16, 

i7 7>t#B§$n. T-< : >>?)i<mmiD ! m(DmmizD/A%£ 

[0 0 3 4] H4li, *^Bj0DOFDM«ii§§C0— Hig 
^J$iKBJT^i»I^EIT'$.-5. 121*. 4 0. 4 1ttfl 
ffi. 4 2ttfg2CQ5!«a$. 4 3«Sg2CD#ffig&. 4 4, 
4 5 ItmWffl, 4 CD^JIgfl. 4 7 tefg 1 0>&ffi 

SB. 4 8 ttL P FgB. 4 9 ttA/DX&&. 5 0 «i£M 
*Bfc»tt. 5 1«LPFgB. 5 2MtA/DJfc*{», 5 
3, 5 4«iH^g&. 5 5«LPF§B. 5 6ttA/D« 
SB. 5 7 5 8 «L P Fgg, 5 9 «A/ 

D^&g&. 6 0 ttffiftft^ U 6 IB 

(IRS+t'JTfliFFTS. 6 2 ttj£l£$!IX&ffi. 6 3 
fcttSf 'J 7ffl&f£Mgg&. 6 4 U T 

fflFFTgfJ. 6 5«35v>y tf>ygET*^>„ 

[0 0 3 5] »»gI54 0*3J:D:*^gP4 1 

^®Hi54 2<Dmtnimn^ni * m^i/«co, *#S54 

lt*5^T. J m2(D&m4 3tCj;f9^2C0^tggP4 2 

fc**. ceo I * A**J:tfQ' HlTRWb 
fcOFDMJCW»K*tt<& I ' ^f^^3 c k^>*Q , ffi^t'W 
^T^^C0T*^>. I* m#tt. *flt»4 4*J«k^SIJ» 
§|54 5{CA^$n. *I¥SP4 4»C*l»T. ^&St f 1 © 
fBlO»JBa54 6 0ttl*i:»J|tan, »JSBR4 5K:*^ 
T. fill C9#fflgB4 7fCct0miCDS!tga54 6©tB*^ 
-9 0&&ffl3ftfct>C9«t!J|g[£n.2> < , m^SI54 4©m 
^tt. D-;U7^MT*5LPF»4 8. A/D^ 
^SB4 9€r^L.TT ; ^->*i5';U«^T*i) I ft^i/iD. 

D-/U7-f^T*SLPFa!5 1. A/D^g|gB5 

2^\,x^-<^9)vm^-Q^Qmmzur). mMm 
^&gB5 o tcA^j^n^. ceo i m*t*5cfctfQm^«. 

0 1 TI»B^ UcOF DM«*«»7 f -^0*»»6«kaC 

sae^iftaB 5 ocew. 256^ 

-f > KORflBIWK:*stt*M3nj»S:fl!)«*5*-^»c3eiftS 




[0 0 3 6] «*ffi4 l©£tS2>T&-5Q' fl» 

(4, *ma55 3, 5 4ClA;ft£ft, iHggB5 3 (riJ^ 
T. Attft f 1 ©« 1 ©3SHgl$4 6 <Dtb^<h*gE$n. 
9MVflR5 4k:^T. ^ 1 CO^*ag(54 7 tCcfc 9M5 1 ©fg 

*. mw&s 3©tB^tt. D-;u7^jpm§LP 

FSB5 5. A/D*»«5 6^LT7tD^Ta& 
SlittiftO, Bt3fe5!I3HftW5 7»CA*an-&. 311? 
gB5 4©£ti:*;(4, □-A°X7w;P^T**SLPFg|5 5 
8. A/D^gl55 9^LTT^-pyfi^Tr*^)Q<a 
^<»:&D, *M?"J^gI55 7KA2;2*13. C© I 
*>cfctfQ{f^(4, HlTBlWl/fcOFDMMJlHHfCT*— 

fc*V»T, 2 5 6*^ >hOl^lfflttt*lt*MJi|»SC© 

[0 0 3 7] itM?iJ&&aB5 0©m*T?*-5, 2 5 6# 
-f >l-ONfWttlc^tt*M50»SCoa!*5*-^t4, Gift 

mm&tsi2titifz'&. utiff tmssb e 

0l:*UT. 2 5 64?^ >h©FFTMa^^ni^iS 

&w±©i«ssx— :*^£8i;*n, rafflw (i) x-^t 

«mx-^Q 0 . Q 2 . ■ • * . Qi98 I*. iMBWHft 
g&6 2(CA;*j£ttS. gU£90ett95 7©fcB:*jT 

**. 2 5 6^> h©NfM«U3i3ltSM?ii^©1S5g 

FFTS!lSgP6 4tC*5^T. 2 5 6 > h© F F 
(i) x-^tifiSSW (q) ^-^.h^-bft-SltiSlx- 

^©ft^-ca&-soFDM^->>#;pt^£^). Jijft&lfi 

±(C&&Sftfc*gSfl5 i -:J'Q 1 , Q 3 , • • •, Qi 99 
[0 0 3 8] MDS^iJXttSSe 2(C*3UTOFDMffligc-> 

>#;utOFDM^->>#;u,t^— ttftsnoFDM 
->>^P€re5fig-r^ifi?ij»5:©ffi^x-^Q k crisis 
n, v>>tf>^gi5i 3 i izte^TTtom.m?-? tmc 

[0 0 3 9] ia4tCjK£n&#^BJ©OFDMtftSli§© 

[0 0 4 0] 1215(4, OFDM«R#fi3M=-*>J7 , ©»[ 
JBSBMU-TSBliJUBIT**. 7 0(iOFDM-» 

*;UQ9 8, Q10 0OiK4fU7^gWW- 7 
l(iQPSK-»^Q9 6, Q 1 0 2 ©DlBS^-V 'J 7 
SrSfr-fSE^. 7 2(4QPSK->>#jUQ9 4, Q10 

4oaBi*-vU7*at>-r*®. 7 3(4qpsk>'># 
;uqo, q i 9 8©ffi&*r U7*a*>riS[»-e**. 
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«tfft(4. mm-z$>v i5"iAxaybmr<nrsit. of 

[0 04 1] QPSK->>#;K39 8, QlOO©itX 
+ ^ VT*WoSm&l 0(4. lMAXD^HfflOF 
DMv>^;^rB^C*5tiT2i^ffi©S^l?$)0. 1^-f 
AXD 7 h©'4 1 'i:^^(C»LTBfl¥<»:^¥<i:T&^(5l 

HflllBHC^T. QPSKv>#;K>9 6. 
Ql 0 2©B^-r'J7i£:«t)-r&^7 1(4. 4J^$© 
i£fl2T$>9, OFDMv>#jUQ9 4, Q10 4©H£ 
U7£«*rr&Jg7 2(4, 6il»a©^T*0. Q 
PSK-»#;i/Q0, Ql 9 8©jt3£*-V U77 3 

^twi 1 2(4, 10 oji»i©jgi2T&g, i^-rn 

[0 0 4 2] fi>!r©{H^:#ifi3S*^UT^QPSK^ 
$tXfe^(4, 10©OFDM->>#;U»irBl(r*5^iT. 
ffl&SitS?** U T(C^LT^©ffi*f{iffi||«^S(£ 
ISft^*^. IBI§:Sia^^'J7<!:l^«(c:Ht}¥<h^ 
tT«»)ffli;ta:*. -5-LT, ffl*#K[2af*-f UT© 
^f B 1i±©iir-^Tfe5 I ft^<>:Q«^£(4, 

©{R&Sitss*^ u Ttm* kq p s K^m^nfcBtK 

«M©fcJT&SO F DM«*fl»5*-*C!>£ftaS£« 

[0 0 4 3] HI 6 (4, OFDMW&Sfi^ie^*^ UT 
©S^^SiBJ-r^lKBJHT'&^o H*. 7 4(4QPSK 

->>#;uq9 9, qi 1 o©mx+^u7'*^-ra 

7 5SQPSK-»^Q9 7, Q10 3©iS55=*- 
rUTSr^f^, 7 6(4QPSK->>#JUQ9 5, 
Q 1 0 5©iS^^ U7^Sbt»f, 7 7(4QPSK 
->>#;PQ 1, Ql 9 9 ©»£*-*- 'J7^«b«fT? 

$>^>OFDM>'>#;U^S:«t3L, ft£fft(41gi|@U^;U 

[0 0 4 4] QPSK-»^I/Q9 9, Q 1 0 1 ©fi£ 
3^ UT?r*t)-riS^7 4(4, l^AXD^hOOF 
DM->>#;U^»C*5^TlilW©^-e$)0. l*-f 

*jwr<ets. raaiiflHcisnT. qpsk-»^q9 

7, Ql 0 3©ifi£*r U7£*b-ffeJ£7 5(4, 3H 
S8©i£J£T&9. QPSK-»^Q9 5, Q10 5© 
fi£*Y'JT£3l*rrjgfl£7 6(4, 5«fl!Oift»T* 
0. QP SK->>#;UQ 1 , Ql 9 $<D\M3Z*T ] )7& 

mt>-rm^7 7(4, io9^o»t^i9, i^-rn 

fc. l^-f AXn 7 h©f -C.^(C*fLTM*t«#T 
[0 04 5] IB^©^Sjt^-vU7*«QPSK^S)l 

zntz&mz-D^Tibfflmz, io©ofdm-»#;u 




\ZQ P S nfc^fWWl±©ift»©fPT*«0 F D 

T- I £Q<f^f>, mWk\Z, n©OFDM-»* 

;HllllflK*nT. ill^ii^tTttcfiWseLT 

[0 0 4 6] iSM?iJ^g|55 0©ffi*«, {fSSSt#ifi3S*- 
^'J7ffl«[»fflaW6 0KA**n. OFDM-»^ 
fc*W*QPSK««*nfc«»»lK*irU7©l*|lll 
$ft±<D«^x-^ I £Q©4M>«fc9M¥©&J££ilH$L 

JB»»ffl««6 3KA*£ft. OFDM-»#;HC*»t 
SQPS K&PSftfc^gcSfiSe*-*' 'J TWBtffltti:© 

[0 04 7] flSS5c#it3£*-f U Tffi&^SgB 60, f 

*#M*tU7fwwsi»6 3©ai*tt, *n*n 

«»#ieSS^rV U7JBFFTI6 1. «WMSiE*lr U 
7JBFFT8B6 4fcAa£ft. ft#8«.i:ITOcM?£iSc 
fft_k©H*Bffl (i) x-^ta^Wi (q) x-^t^C 

-618*5*— ^©il^TfeSO F DMflft 
tfOFDM*F»5'>#;l^£S. tit. M 

.K5!ise«»6 2KA**n, x&tt&mgju*®dBM* 

6 5 (1*3 ^t, 7tv>m.m ; r— ^iflWlZn*. 
[0 0 4 8] jms. «R*tt3fc**y7JBS0§Hfi««6 
o . «f»#iss*t u 7fli»»$aJi«6 4 ©«te**n 

■€ r nFFTBPC*^T*ffbTt>«k«ri. It* 
^—■5> I fcQ©Sft*©»»*#l»b. 
SSLTHmca tf-LT^e»^iS[|SW±©ia*5 i -^lc 
^&T£fligc*ii:£* t'J7flJOFF TSaJlgB. «JR5* 
—9 I £Q©«M&©«»*»*iU 

[0 0 4 9] £©«fc3»CLT, Tff/UJSf fcj;0 1 

ra©$tsj;i9 5 ox0E)Mm«M)<3So«»iim®^eiR 
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[0 0 5 0] 

[^BJ©?im] «±©Bl^&W6«»&«k3K. #?gBJ 
©OFDM£H»fc«fctfOFDM«WW:«fcntf. 

[0ffi©fsw«ciai«] 

[si] *a^©oFDMsewig©-*jfi«i*Bii«-rs 

[0 2] OFDM«»S">sl?;i/*«ilDaT&n*ia5?* 

* u 7 , ©E«£Ki9rraift9iBi , r**. 

[0 3] OFDM«f»-»#;U*«tl0aT6n-Bil[SE* 

[04] ^wnoFDMrnfflmv-mmmzmw-rz 

[0 5] OFDMffl»#lESE^1r'J7 , ©»»*BlWr* 
[0 6] OFDM«HS*ltS:*VU7©«»*BlWrs 

ift9J0T&*. 

[0 7] ft*<DOFDM&m%szmw'Tz>mwmx'$> 

[0 8] QPSKIEW^a©^>Jl?;PTye>^*BlW 
[0 9 ] «£*©it3£* r U 7©fl*»*i±©SBB*BMPl 
[010] IM >^-A^S«flt5|llWH 

[0ii] «e*©OFDM(iOTS§*iHfi*-*iJiEB-c* 

So 

[^^©UJBJ] 

'J7«IFFT«, 'J7/B I FFTgB, 

5, 6--ttltaiXM. 1 3-»l©56««, 14-JB 
l©»ffl«. 2 5-f2©» 26-«2©fffi 
V. 4 2-JB2©58«a. 4 3-SS2©#«BB, 4 6- 
mi©381Sffi. 4 7 1 ©&fflgB. 5 0, 5 7-fiM 

m&tstm. 6 1 una ffths. 6 2 -at 

ayijjciftat, 6 3 u 7ffl»»isi». 6 4 

-«fft#tt l J7«FFTIB. 6 5-jS»Vytr>^a5. 
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